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Figure 16. Spatial distribution of field average seasonal ET in Fallon for 2009 and 2010, dry 
and wet years, respectively 
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observed meteorological data, estimated weather data from METDATA, inaccuracies in 
Landsat radiance and reflectance, time integration of ETrF in between Landsat images, and 
inaccuracies in field polygon areas. However, the METRIC model applied in this study has 
been shown to generally be accurate to within 10 to 20 percent of measured crop ET in 
Nevada and other states in the western U.S. [Kalma et al., 2008; Morton et al., 2013; Serbina 
and Miller, 2014; Liebert et al., 2015]. For more information about limitations of the 
approaches applied in this study see Kalma et al. [2008], Morton et al. [2013], Huntington 
and Allen [2010], and Huntington et al. [2015]. These studies provide lengthy discussions 
about the uncertainty and limitations of remote sensing and reference ET – crop coefficient 
approaches for estimating crop ET. 

SUMMARY 

The primary objective of this study was to develop field scale monthly, seasonal, and 
annual ET and net ET estimates for northwestern Nevada and northeastern California, and 
provide a brief discussion on the spatial and temporal variability of ET with respect to 
drought and land use changes. Crop ET estimates were computed from a remotely sensed 
land surface energy balance model, METRIC, using Landsat 5 TM and Landsat 7 ETM+ 
satellite imagery combined with gridded weather data estimates of ETr. Results of estimated 
ET, net ET, ETr, and precipitation were summarized for the study period of 2001 through 
2011 at monthly, seasonal (April – October), and annual time steps, and at field and basin 
scales depending on the variable.  

Results were organized and illustrated several ways, including an ArcGIS 
geodatabase that contains all spatial and temporal data, map figures of field average seasonal 
and annual ET rates (Appendix 5), histograms of ET vs. field area per HA (Appendix 6), and 
annual distributions of monthly ET for each HA (Appendix 7). METRIC ET estimates 
compared well with previously reported ET estimates based on micrometeorological, water 
balance lysimetry, and soil moisture depletion techniques. METRIC ET estimates were 
generally well within the error of micrometeorological station derived ET estimates (~10 to 
20 percent) at daily, monthly, and seasonal time steps (Figure 13; Appendix 8). METRIC ET 
results that represent well-watered conditions also generally compare well with ETr - crop 
coefficient and water balance estimates of crop ET for most HAs (Figure 14).  

To assess how ET varies spatially and temporally across the study area, METRIC 
derived ET estimates were evaluated with respect to drought and land use changes for select 
HAs. Select HAs chosen to illustrate and analyze spatial and temporal ET distributions were 
Lovelock, Fish Springs Ranch (i.e. Honey Lake Valley), Fallon, and Mason Valley. The 
impact of drought was most notable in Lovelock. Fallon and Mason Valley exhibited the 
least amount of temporal variability in ET due to ample upstream storage and supplemental 
groundwater pumping, respectively. Land use change at Fish Springs Ranch was clearly 
evident due to a sharp reduction in ET (Figure 12). 
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While many previous studies have assumed that crop ET rates are temporally and 
spatially constant within the study area of northern Nevada, results from this study indicate 
that temporal and spatial distributions of crop ET are highly variable. It is recommended that 
spatial and temporal distributions of crop ET be considered in water budget and modeling 
studies for HAs where significant irrigation occurs. Landsat surface energy balance derived 
crop ET estimates produced in this study have many immediate applications relevant to water 
managers, practitioners, and researchers. Analyzing ET over long time histories and with 
respect to climate, crop type, water rights and availability, and land use change, is an 
effective way to assess historical and future impacts of drought, cumulative impacts of 
changing water source and crop type, and land use change. Obtaining information on 
historical ET and assessing this information with respect to water supply and demand will be 
useful for planning, adaptation, and mitigation strategies. Approaches for estimating 
remotely sensed crop ET, such as those outlined in this report, are now being applied by 
report authors in more automated and programmatic ways so that operational crop ET 
estimates can be easily and effectively used for water use inventories in Nevada, California, 
and other western U.S. states. 
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